We focus on two Hubble Space Telescope/Space Telescope Imaging Spectrograph (HST/STIS) spectra of the Weigelt Blobs B&D, extending from 1640 to 10400Å; one recorded during the 1998 minimum (March 1998) Through photoionization modeling, we find that the radiation field from the more massive B-star companion supports the low ionization structure throughout the 5.54 year period.
Introduction
Although Eta Carinae (hereafter Eta Car) has been extensively studied for more than 150 years, we know little about its central stellar source(s). Whether it is a single or multiple stellar system, it is hidden deep inside the dust-laden bipolar nebula, known as the Homunculus. Damineli (1996) found that the historical spectroscopic variability of Eta Car was consistent with a 5.54-year period, which led him to hypothesize that the central source was a stellar binary.
Long-term observations showed the visual and near-IR spectrum to be a mixture of high and low ionization emission lines. The emission line spectrum changes from a state with high ionization lines to one where they are completely absent (Damineli et al. 1998) . The variability in X-ray data can be explained by interacting stellar winds in a massive binary system (Corcoran et al. 1997; Pittard et al. 1998 ). The photoionizing flux from a B-star with an effective temperature of 15,000 K ≤ T eff ≤ 18,000 K cannot account for the high-ionization lines (e.g. [Ne III], [Fe IV], etc.) seen during the broad maximum away from the X-ray minimum, and implies that an additional, hotter photoionization source must also be present (cf. Verner et al. 2002) .
Using HST/ Faint Object Spectrograph (FOS) observations, Davidson et al. (1995 Davidson et al. ( , 1997 suggested that the narrow and broad emission line components are formed in regions of different physical environments. The broad P-Cygni features were associated with the expanding wind of the central stellar source and scattered starlight within the Homunculus. On the other hand, the narrow emission lines were produced in the slow-moving nebular condensations (the Weigelt Blobs B, C, D and E, etc.) with a radial velocities v r ≈ -45 km s -1 .
Separation of the spectrum of the central source(s) from that of the Weigelt Blobs became possible with HST's near-diffraction limited performance and STIS's long, narrow aperture (Woodgate et al. 1997) . High-spatial resolution, moderate spectral resolution spectra of central stellar source(s) of Eta Car and the Weigelt Blobs B and D (hereafter BD), located 0.1" and 0.2" respectively from the central stellar source Zethson 2001) . In this paper we use our photo-ionization modeling of the minimum as a foundation and perform additional modeling of the spectroscopic maximum emission spectrum of February 1999.
The principal goal of this paper is to determine whether the presence of a hot secondary O-star in the stellar system is necessary to explain the variations seen in the emission spectrum of the BD Blobs near the spectroscopic minimum and maximum. Our approach to model the photoionization allows us to quantify the properties of the Eta Car central stellar source (s) through the observed properties of the BD Blobs. We select measurable, diagnostically important emission lines and use realistic ionizing fluxes of hot O stars deduced from model atmospheres (see Smith et al. 2002 and references cited therein) as inputs to the photoionization code CLOUDY 4 to obtain the best match with observations. As we will show, the high-ionization emission can be explained by photoionization from a hot luminous companion, while the cooler B star primary provides the radiative pumping via the stellar continuum flux to produce the strong Fe II and [Fe II] emission line spectrum.
Observations of the BD Blobs
Both spectra of the BD Blobs were recorded with the HST/STIS, using the 52" X 0.1" aperture centered on Eta Car oriented at the identical position angle (P.A = 332.1 o ). All the data were acquired using the CCD with the G230MB, G430M, and G750M gratings moved to standard grating settings yielding 0.05" pixel sampling and resolving power of~6000 from 1640 to 10400Å. Each spectrum was recorded in a single HST visit. Significant savings in spacecraft resources were realized in 1999 by using continuous viewing zone orbits. Consequently, this cut the orbital overhead from five to two orbits. Figure 1 from Verner et al. (2002) as well as a discussion of the extraction routines, can be found in Gull et al. (2001) . Line identifications are presented in Zethson (2001) .
Although many additional emission lines appear in the 1999 observations, not all of them can be reliably measured or used as physical diagnostics. Some emission features exhibit i.) unresolved blending, ii.) velocities associated with nebular structure that extends well beyond the BD Blobs. i.e. the Little Homunculus (Ishibashi et al., 2003) , iii.) dust-scattered starlight (in the form of continuum and broad P-Cygni lines, iv) foreground nebular absorption at the other velocities, or v) superposition of emission originating from the resolved, extended stellar atmosphere (extended emission reaching 0.2 to 0.3" is apparent in the long aperture ). Consequently, we selectively use only well-isolated emission lines that are usable for physical diagnostics. These lines are listed in Table 1 with the following information: column
(1) the observed ionic species, (2) the observed wavelength in the heliocentric frame, (3) the laboratory wavelength, (4) the deduced full-width half maximum of the feature (FWHM), (5) the observed intensity, (6) the reddening-corrected intensity, (7) Czyzak & Krueger (1963) to obtain our reddening estimate.
Using a Cardelli, Clayton & Mathis (1989) extinction curve and an A V /E(B-V) = 3.1, we obtain an inferred A V = 0.467 for the BD blobs. We have adopted this extinction for the region displaying the highly-ionized species as well.
We now focus on the most noticeable changes in the BD emission spectra between the minimum and the maximum, namely the change in ionization (section 2.1). Significant changes in the lower-ionization component, such as in the Fe II lines, are largely due to radiative pumping to upper levels, a process distinctly different from that which produces the features of the higher ionization species (Section 2.2).
Changes in Ionization Structure
The appearance of multiple high ionization emission lines in the spectrum of the Weigelt
Blobs at the spectral maximum, in such species such as [Ne III], indicates an overall increase of the ionization in the observed emitting plasma. Figure 1 depicts the ionization range of the observed ions seen in both the 1998 and 1999 spectra (solid lines) and ions that appear only in the 1999 (maximum) spectrum (dashed lines). The ionization range for each ion is bounded on the low end by the ionization potential required to produce the ion and on the upper end by the ionization potential to the next ionic level. As Figure 1 illustrates, the 1998 (minimum) ionization ranges are systematically lower than those of 1999 (maximum). We call the lower ionization range group the "low ionization component" (LIC), and the higher ionization group the "high ionization component" (HIC), seen only during the broad maximum. The HIC includes elements seen throughout, namely Fe, Si, Ni, S, Cr, and N. The elements Al, C, Ar, and Ne are only seen during the maximum.
To demonstrate the change in strength of a HIC emission line in the BD Blobs, we plot the spectral region around [Ne III] Ȝ3869 for the two different epochs (Figure 2 ). Since the LIC is always present and does not vary significantly, we conclude that the HIC originates in a physically distinct region where the highly ionized species are due to ionization by a separate, second source only during the broad maximum.
Changes in Line Intensities
Most LIC lines between 1900−9500 Å show little change in flux between the minimum and the maximum. As an example, in Figure 3 we present the Fe II Ȝ5020 emission that results through pumping by strong continuum radiation from the B-star of the central source. 
Morphology of Emission Lines
Although there are many lines in the spectra of the BD Blobs, they can be separated by their various excitation conditions. The obvious differences in line shape depend upon the excitation conditions in the region of nebular emission. All continuum-pumped Fe II lines in the observations at near spectral minimum and maximum have both a narrow and broad component (For example, see Fe II Ȝ 5020 in Figure 3 ). As mentioned above, the broad component is due to emission in the extended B-supergiant atmosphere of the central source. In contrast, the Lyα-pumped Fe II lines have no underlying broad component (see Figure 4 as an example). All high ionization lines that appear in 1999 have narrow profiles that are not associated with continuumexcitation of the B-star.
Physical conditions of high ionization structure

Photoionization Models
The binary interpretation is based on observations in the visible, the radio and the X-Ray spectral regions (Damineli 1996 , Damineli et al. 1998 , Duncan et al. 1999 , and Pittard et al. 1998 ). Non-binary interpretations include a periodic change in the atmosphere of a single star ) and a multiple star system requiring more than two stars (Lamers et al. 1998 ).
The most convincing evidence for stellar binarity comes from the X-ray variability, especially the reproducibility seen in the sharp, deep minimum occurring at 5.54 year intervals (Corcoran, 2004) . The hydrodynamic modeling of Pittard & Corcoran (2002) gives a strong indication of the nature for the stellar secondary. Their model of colliding stellar winds leads to a synthetic spectrum that fits the X-ray emission obtained from Chandra spectra and qualitatively explains the observed X-ray flux variability. With a primary stellar mass-loss rate, M M where r is the distance from the star.
However, there is evidence that the mass loss is not isotropic, but enhanced at the stellar poles. Moreover, inhomogeneties or condensations in the wind can greatly decrease the ambient wind density. Independent of the colliding wind modeling of Pittard & Corcoran (2002) , we have adopted photoionization as the physical process responsible for the formation of the nebular lines. We now use the required UV-radiation to produce the HIC lines to also infer the nature of the stellar secondary in the Eta Car system. When we look at emission from the BD blobs, we see nebular emission produced at large distances from the primary, 10 15 − 10 16 cm (70 − 700 A.U.). Nonetheless, we have inferred the effective temperature and luminosity of the secondary star from photoionization modeling of the emission line spectra observed with HST/STIS.
In Verner et al. (2002) , we analyzed the physical conditions during the spectroscopic minimum of the BD Blobs low-ionization structure, which is dominated by [Fe II] To model the emitting region, we must specify the luminosity, energy distribution in ionizing flux, the distance to the emitting region, and nebular abundances. The distance, in the plane of the sky, from Eta Car A to the BD Blobs, based upon the STIS imaging spectra, is estimated to be 3×10 15 cm ≤ R BD ≤ 3×10 16 cm. We have subsequently calculated a grid of predicted line fluxes varying properties of the secondary and using the photoionization code CLOUDY. The adopted spectral energy distribution for the secondary is given by WMBasic model atmospheres, which use line-blanketing and incorporate non-LTE and hydrodynamic flow (see Smith et al. 2002, and Lanz & Hubeny 2003) .
In our modeling, we explicitly assume that the emitting region corresponds to the H II region surrounding the secondary. We assume the same range in total hydrogen density, 10 5 - for different types of stars, we can estimate properties of the nebula using ) as indicated in Table 1 for the HIC features.
The features would have presumably larger widths and projected radial velocities. For a density of n e~1 0 7 cm -3 in the vicinity of the O star secondary, one would obtain r St~1 7 AU (Table 2 ).
This dimension is smaller than the size of the orbit of the secondary. Also, as the secondary moves toward periastron, the O star and its H II region most likely moves away from the condensation giving rise to the HIC. Plus, the ambient density of the wind should increase dramatically, thereby decreasing the size of r St . Thus, when the O star is close to the primary, the dense condensation cannot be photoionized by the O star. It is not clear if the HIC is associated with the bowshock produced by the stellar winds of the binarity. However, the predicted intensities from the photoionization modeling are within a factor of two for most observed features (Table 4) The derived luminosity is large (log (L * /L ) = 5.97), but significantly less than that of the primary. This value is sufficient to support the emitting region size of high ionization lines ≈ 10 15 cm at hydrogen density 10 7 cm -3 . Table 3 summarizes the predicted quantities: (1) Log of total luminosity in solar units, (2) Log of gravity, (3) Log hydrogen density, (4) column density, (5) minimum recombination time, (6) maximum recombination time (see section 3.2), (7) the size of the emitting region for given hydrogen density, (8) the average electron temperature, and finally, produced by radiation field of the cooler primary is presented in Fig. 5 (right) . The second component not only produces the HIC ions, but it may also produce Fe II (Hereafter Fe II (S) denotes the Fe II produced by the secondary, while Fe II (P) represents the Fe II due to the primary). Most of the Fe II (S) contributions are presumably lines that pumped via HI LyĮ.
A hot star that is much less luminous than the primary companion would support the HIC emitting region at a smaller distance from the binary system than that to the BD Blobs. At the same time, the HIC may be more extended than an ionized region supported by the cooler primary star. The model predicts that the variable emitting region of HIC must have a hydrogen density n H = 10 7 cm -3 with an electron temperature T e~1 0 4 K (Table 3) . Future high-spatial resolution observations that could separate the radiation originating in the HIC and the LIC would help to verify this hypothesis.
In our previous study (Verner et al. 2002) Future modeling of LyĮ-pumped Fe II lines by the secondary star is needed to better constrain the LyĮ-pumping contributions of the primary and secondary in Eta Car.
The total disappearance of HIC during the spectroscopic minimum indicates that the secondary, at closest perihelion, enters an ultraviolet absorbing gas that surrounds the binary system. The secondary must be completely embedded in the gas, which must attenuate or "squelch" the ionizing flux shortward of the Lyman-edge in all directions. If HIC lines in the emission spectra of Homunculus are due to photoionization from the hot stellar secondary, they should 1) disappear during the minimum event; and 2) fully recover when the second star reappears with sufficient time for reaching photoionization equilibrium. Pittard & Corcoran (2002) indicate that the X-ray flux is occulted during the minimum, but that the X-ray absorbing gas column increases ten-fold during the minimum. Whether this absorbing gas is due to the increased density of the wind near the secondary or whether additional contributions are needed is still unclear.
This binary system presents an unusual situation observationally. Normally, the presence of a luminous O star like that inferred in the Eta Car binary system would produce a large H II region. However, as mentioned earlier, this O star is largely embedded deep within the thick, mostly hydrogen-neutral stellar wind of a star undergoing mass loss at =
Clearly, the H II region produced by the O star secondary is completely contained in the dense wind of the primary. Furthermore, given the expected r -2 falloff in density expected at larger distances, the shape and dimension of the H II region will vary sharply with orbital distance, where the size of the H II region will become substantially smaller at smaller distances between the primary and secondary.
Perhaps the only unambiguous, direct spectral evidence seen in the STIS spectra of the O star is the presence of weak N V ȜȜ1238, 1242 mass loss profiles. These wind features have long been known as UV spectral signatures of O stars (c.f. Heck 1987; Walborn et al. 1985) . These features show absorption to at least -600 km s -1 . It is impossible to discern wind profile of N V at larger negative velocities due to the dramatically decreasing flux levels as a result of very strong H I LyĮ absorption and an apparent drop-off in stellar continuum.
Ionic Recombination Times
We can estimate the ionic recombination time for the plasma in the Homunculus using temporal variations in spectra. X-ray emission spectra show a sharp disappearance of high ionization lines and their gradual recovery in a time scale of 2−3 months ( Figure 1a from Ishibashi et al. 1999 and Figure 1 from Pittard & Corcoran 2002) . Similarly, the ground-based spectra (Damineli, private communication, 2004) There are a number of discrepancies between our single-component B-star model and observations. Specifically some lines (see discussion on Fe II λλ 6433, 6457 (Verner et al. 2002) ) would be better explained with a density~10 7 cm -3 than with~10 6 cm -3 . Ground-based observations by Damineli et al. (1998) 
Constrains on Elemental Abundances
The chemical composition studies of the Eta Car (Davidson et al. 1986 , Viotti et al. 1989 , Dufour et al. 1997 , and Hillier et al. 2001 showed that the abundances in the primary star and the surrounding nebulosities are high in nitrogen, and low in carbon and oxygen relative to the Sun. The BD Blob observations provide an independent approach to deriving abundances in Eta Car nebulosities and to understanding its current evolutionary state. Here, we concentrate on deriving abundances of the HIC seen in the 1999 observations. Since the neon abundance is largely unaffected in CNO-processing, unlike that of oxygen and carbon, we assume its abundance to be solar. Hence, we will use lines fluxes relative to [Ne III] Ȝ3869 and thereby estimate abundances relative to Ne.
The observations and model fluxes are summarized in Table 4 : column (1) gives the observed ionic species, column (2) the rest wavelength, (3) the observed reddening-corrected intensity relative to [Ne III] λ3869, (4) the predicted intensity relative to [Ne III] λ3869, and in (5) ratio of theoretical to observed intensity. When we take into account the multiple uncertainties in setting the continuum, the complexity of the underlying spectrum shortward of 3500Å, the de-reddening correction for both intervening and internal dust, and line-blending, we consider a good fit to be when the model fluxes are within a factor of two of the measured fluxes.
Helium
Helium No He II lines were identified in either the 1998 or 1999 epoch observations (Zethson 2001) . This is in accord with our photoionization modeling, since there is a sharp dropoff in the radiation field shortward of the He II ionization edge in flux distributions of the O-stars and their model atmospheres.
Carbon, Nitrogen and Oxygen
Previous studies of the outer nebular structures have found very strong nitrogen lines, but virtually no carbon or oxygen lines (Zethson 2001) .
Nitrogen abundance plays a fundamental role in Eta Car studies, because it is a key tracer of CNO processing. Nitrogen is overabundant in the star, Eta Car (Hillier et al. 2001) emission from other nebular structures in the line-of-sight. We thus cannot use these line fluxes to derive accurate nitrogen abundance. Davidson et al. (1986) and Dufour et al. (1997) suggested that nitrogen is~20 times solar abundance. In our models we used 10 times solar abundance for N as suggested by Hillier et al. (2001) . In any event, there is a strong evidence for N overabundance in the ejecta of Eta Car.
The C III] intercombination line at 1908 Å is absent during in the 1998 data, but weakly present in the 1999 spectrum. Since C III] λ1906 is not seen, the limit of the intensity ratio of I(λ1906)/I(λ1908) gives an independent constraint on n e , and implies an electron density n e ≥ 10 4 cm -3 (Nussbaumer & Shield 1979) . The HST/STIS spectra below 3500Å are dominated by very strong, complex absorption structures, with many velocity components that contribute to uncertainties in measuring this ratio. After C III] λ1908, the strongest C lines predicted by O-star models are C II at Ȝ1020 and Ȝ1335. They and the C III at Ȝ977 are beyond the STIS CCD spectral range. Based upon our models fits to the 1999 observations, we conclude that carbon is 50 − 100 times depleted in the BD Blobs.
Similar to the stellar spectrum, no emission line of any ion of oxygen is positively identified in the 1998 or 1999 BD Blob spectra (although we include possible lines in Table 2 ). 
Summary
Previously Eta Car has been studied assuming a wide range of scenarios. Rodgers & Searle (1967) favored a slow supernova description for this object. In contrast, Gratton (1963) had even suggested that Eta Car is a massive pre-main sequence star. Notwithstanding, most of the hypotheses supported the presence of an extremely massive star (Burbidge 1962; Burbidge & Stein 1970; Talbot 1971; Davidson 1971; Hoyle, Solomon & Woolf 1973; Humphreys & Davidson 1979; Davidson, Walborn & Gull 1982; Doom, De Greve & Loore 1986 ).
The suggestions that Eta Car was a stellar binary by Damineli (1996) , Damineli, Conti & Lopes (1997) and Pittard et al. (1998) of which Eta Car is presumed to be a member (Feinstein 1995) .
Assuming that the secondary star is responsible for appearance and disappearance of the explaining the X-ray spectrum of Eta Car. The mass-loss rate of the secondary is about one hundred times smaller than that of the primary derived by Hillier et al. (2001) .
Comparison of the periodically variable high ionization structure with the steady low ionization structure previously analyzed by Verner et al. (2002) suggests that they are probably distinct, but closely related, regions in the nebula. The high ionization structure is, likely embedded in the wind, located closer to the central source and it is identified with the H II region surrounding the secondary. This region is characterized by T e~1 0 4 K and log n H ≈ 10 7 cm -3 . The low ionization structure is more distant, and cooler, T e~7 ,000K, and log n H ≈ 10 6 cm -3 .
Evaluation of line ratios in the HIC suggests that carbon and oxygen are depleted 50 to 100 times and He I Ȝ5017 appeared in 1999 and disappeared in 1998, the Fe II Ȝ5020, both the nebular and stellar components, are unchanged. (Smith et al. 2002) . All stars has log (T eff ) ≈ 4.57. The total size of emitting region predicted in calculations that stopped at temperature § 4,000K. 
Figure Captions
Tables
